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Summary 



Recant dovelopnenta In the gas turbine field have led 
to the need for creep data on spheroidal graphite cast 
iron, 

ihe development of two creep testing machines suitable 
for this material was undertaken. Duo to the slee of the 
test pioco specified, the elongation of the material and 
the speed of tests several modifications had to be made to 
these machines before a satisfactory ^ rocoduro could b© 
establishod. 

The creep data, obtained during the development period, 
and [ resented heroin, give some indication of the order of 
magnitude that may b© expected from a thorough t rograraso 
of creep testing on this material. 



Inti*oductlon 



Croop is tho continued extension of a naterial after 
the load has been applied. Glass and load are well knoim 
oxanples of ciatorials that crec' at roon temperature, 
liowovor v;ith most metals used in engineering industries an 
additional factor of temperature must be considered. That 
is, the extension takes place much more rabidly at elevated 
temperatures , 

this extension of material will lead to failure in one 
of two ways. It can actually fracture or it can deform 
sufficiently to bocon» unserviceable. 

ih© need of testing to determine creep pro, erties was 
greatly increased by the introduction of who gas turbine 
type of engine into the aeronautical field. Recent 
dov9lOj:nents in this lino of engines have led to the 
consideration of spheroidal graphite cast iron as material 
for use in thoir construction. 

Spheroidal graphite cast iron is a new naterial that 
in recent years has been finding increasing use in many 
aiillcations In heavy engineering, chemical industry and 
surface transport. However, very iltclo was Imown about 
its properties at elevated temperature. 

Therefore, in agreement with the I'ond IJlckol Com any 
Limited, it v;as decided to construct a r air of croo 
testing macliinos capable of obtaining some of tho data that 



was desired. 
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Part 1 



Development of the Kachlnes. 



DEVELOerxElJT OP CREEI 



TESTING MACHirrES 



1.1 GENERAL DESCRIITION 

TLe two machines that were constructed are basically 
a design developed by the National Gas Turbine Establishment. 
The policy during the construction period was to adhere to 
the specifications and drawings of the machines as supplied 
by N.G.T.E, In several instances modification had to be 
made to adapt the machines to spheroidal grarhite cast 
iron (S.G.C.I.) 

In general, there are two types of constant load creep 
machines in common use at the present. There are the dead 
load ty e and the lever tye. The lever ty e has the 
advantage of requiring smaller w^eights, but does need more 
floor space. The machines develo ed for S.G.C.I. are of 
the lever ty e, 

■ The actual set-up consists of the following components: 

1. Machine proper for applying the load. 

2. Furnace for maintaining temperature. 

3. Controller for controlling the temperature. 

4. Potentiometer for measuring the t era;. erature. 
Extensometer for measuring the elongation. 

6. Cameras and timers for recording the extensometer 
and hour meter readings. 



A genersLl vievj of the machines and controls is shoiim 
in figures 1 to 0. 

1.2 The Machine. 

1 . 21 The Frame . 

A general arrangement of the frano for sur orting the 
loading system is shown in figure 6, 

Tho main members of the franc arc four inch by two inch 
channels, irhile the lever su '‘ort system at the rear of the 
machine is made of one and one half inch angles. 

The cross head at the to" of the machine is in two 
parts. Tho lower part carries the load from the u >' er 
straining rod to tho side members. Tho upi er straining 
rod is Iceyed to the cross head to prevent the introduction 
of any torque in the test s ccimon while talcing up the 
strain. 

The u per part of the cross head su 'orts the furnace 
hanger plate. 

There is a chain and sprocket adjustment for the height 
of the furnace. Tho chain drive insures that both furnace 
support rods arc adjusted to tho same position simultaneously. 

The fulcrum for tho loading system is supyjorted by the 
cross member on the front of the machine. 

The lever support yoke is carried by the cross member 
at the rear of the machine. This yoke was originally 



Intended to support the weights prior to loading and to 
catch the beam when the test specimen fails, Kodifications 
to this yoke will be discussed in section 1.10. 

1.22 Loading System. 

The loading system consists of a weight pan, lever, 
fulcrui.is, and the upper and lower straining rods. 

The weight pan is supported on the beam by a 3/8” 
diameter hardened steel ball. 

The lover which has a ten to one ratio carries two 
knife edges at the forward end for the fulcrums. 

Modification to the fulcrums will be discussed in section 

1 . 10 . 

The straining rods are identical, except for the 
length of the rods. They consist of a collar, nut, and 
the rod itself. The collar with a spherical seat attaches 
to the end of the test piece. The nut fits over the 
collar, mating with the S’'herlcal seat, and is threaded to 
fit the straining rod. The other end of the rod is forked. 
The upper straining rod fits into a universal joint on the 
strain take-up mechanism and the lower rod fits on to the 
fulcrum carrier. Here again modifications were found 
necessary and will be detailed in section 1,10. 

1.23 Weights. 

The weights are made from mild steel plate, three 
quarters inch thick. Due to misinformation about the 



diameter of the teat piece, the weights as manufactured 
give a stress, that is, not an even ton or fraction thereof, 
ihey give stresses of 0.92, O.i;?, and 0.2^ tons per sq.in, 
respectively. 

1.3 ?\imaco. 

A general arrangement of the furnace Is shown in 
figure 7. 

The furnace consists of a silica tube, aro^jnd which the 
element is wound. To give the element mechanical suoport, 
it is coated i^lth alumina cement. The tube is then 
surrounded by a preforined insulation that Is a mixture of 
asbestos and Kieselguhr. This is then surrotinded by a 
stainless steel liner. This liner is covered by a 
preformed asbestos instilation which is finally covered by 
a stainless steel outer case. The ends are Sindanyo plates. 

Between the silica tube and the inner insxilatlon, there 
is mounted a nlatlnum resistance thermometer that is part 
of the temperature control system. 

The leads to the two colls, top and bottom, are brought 
out at the top and the bottom, respectively. 

The furnace is held together mechanically by four tie 
bolts that connect the upper and lo'.:cr end elates. These 
tie bolts are not bolted do;m directly on the Sindanyo end 
plates, but have a spring betvxeen the up er end plate and 



the nut and washer. This prevents any undue stress due 
to differential expansion of the metal parts, being put on 
the Sindanyo. The upper ends of these tie bolts carry the 
support beams which are attached to the furnace hanger plate 
by means of short links. 

l.li. Extensometer, 

The extensometer consists of two rods attached to upper 
end of the test specimen and txTO tubes attached to the lower 
end of the specimen. The rods pass inside of the tubes and 
extend beyond the tube ends approximately one inch. 

A small chuck clamps on to the lower end of the tube 
and carries a dial gauge graduated in 0,0001 Inches. 

This gauge then measures the displacement of the rod end 
with respect to the tube. Since the rod and tube are 
subjected to essentially the same thermal conditions, this 
is an accurate indication of the elongation of the test 
3»'ecimen. 

The modification to the extensometer will be explained 
in section 1.10, 

1,^ Test Piece. 

The tost piece, as shovm In figure 10, has a nominal 
diameter of 0.3^7 inches. This gives a cross sectional 
area of 0.100 square inches. The tolerance of 0.001 



resiilts in an eriKjr- of approximately 0.5% in area and hence 
in stress. The parallel portion of the test piece is 4 
inches. The threaded ends are 5/^ inch BSP, 

As shown in figure 10, the surface of the test piece 
was ground polished to eliminate all stress raising machining 
marks . 

1.6 Temperature Measurement. 

In accordance with reference (1), the temperature of 
the tost Oi-ecimen was measured at three points, to , middle 
and bottom. The teraperature was measured by chromel- 
alunel thermocouples. Each thermocouple was calibrated 
prior to use and was used only twice, the ends being 
reversed for the second test. 

The developed potential of the thermocouples was 
measured by an Ether Long Scale Potentiometer. This 
instrument has a sensitivity of 0.02 millivolts at t he 
working temperature . This corresponds to a 

temperature of 0.5°0. 

To provide a means of checking the temperature 
regulation during periods of absence, the temperatures were 
recorded on an Electroflo temperature recorder, connected 
to one of the thermocouples. While thiis recording was not 
accurate enough for the measurement of the temperature, it 
did show if any drastic changes in the temperature level 



did occur. A sample of the recording chart is shovm in 
figure 11. 

1,7 Temperature Control. 

The temperature of the test speciirien is controlled by 
the variation in the resistance of a platinura ir/lre made in 
the fonTi of a raat. The platlnui?i wire is protected by fire 
clay insulators. Modifications to the resistance thermometer 
are detailed in section 1.10, 

The control of the furnace cxxrrent utilized a Sunvic 
RT 1 controller. This controller is essentially a 
xrosscr bridge for measuring the resistance of the platinum 
thermometer and a relay for o ening the furnace power circuit, 

Since turning the furnace completely off and on, to 
maintain temperature would result in a great deal of hunting, 
v;lth consequent difficulties of control, the controller was 
by-passed by a variable resistance as shoi^m in figure 8. 

Thus, V7G have a high and a low current rather than and on-off 
cyclo , The currents maintained in these tests were 6,9 and 
i|,5 ax.iperes reSi-ectively, 

Equality of temrorature on the tor and bottom of the 
test specimen vjas obtained by varying the ciirrent to the 
two coils of the furnace by means of a central balancing 
rheostat. 

This system has proved capable of controlling the 
temperature within the limits specified in reference (1-);-. 



1.8 Automatic RocorJing. 

I'lio individual tests in this prograran© range fron one 
and a half iioui*a to three n*ondred. In the tosts that 
have a duration of fifteen to one nundrod horirs, sono 
method i'or automatically rocor*ding tnc gauge readings had 
to be employod. Rip on in reference 3 cloacribos such a 
ay 0 tern. 

'iho conponeni-s of this aystom are a caci'ra, a timer, 
arid a rectiflei'*. iho camera la an Air tlinistry gun camera. 
It has a fixed shatter a ood and a two ,.osition lens 
dlaphragra. xz loIiqs pictures at aixween fi-*aaoE a second, 
ihe timer wa ■ designed £ind built in the Electrical Section, 
it will gl\re tlmo intervale of one to sixty seconds. The 
roctifior au lios lov; voltage E’. o. for the operation of 
tho camora and the tlmex’. 

By tho use cf an external clock, the interval between 
r-ocordiiigs C'in be increased. At proaent there ore tvro 
such clocks available. One has intervals of fifteen 
minutes and tho other, four hours, 

1.9 Verification of the machine. 

rfnen new testing machines are built, it is essential 
to verify that those machines will do that which they are 
designed to do. The main points to bo checked wore tho 
loads roducod by the v/oights, tho axiality of the loads 



nnd the olaaUic gau'-’e ien( 5 fch of the oxtensometer. 

In orclor to check the loads introduced by the weights, 
the straining i^ds and tho test r'ioce were replaced by a 
Salter o^i*ing balance. This balance had a range of 0 to 
600 pounds, with two round divisions. reading it to tho 
nearest j.o*'ind was easily occoraollshed, Tho weights v;ore 
then individually chocked, Tho boGirr and tho weight :an 
produce a stress of acproxiiaatoly OJo tons per square inch 
in the designed tost pioco. The weights v/oro found to give 
approxiinately 0,92, O.I;? end 0,20 tons :^er square inch 
respectivoly. A complete list of the values obtained for 
oach Individual weight is shown in table I, 

Tho exiallty of the loading was next chocked by comparing 
the novonont of the dial gauges on oach leg of tho oxtonao- 
rieter. This was done in fotir osltions, v/lth tho teat 
V'loce turned ninety dogre©.s between oach reading. At first 
the loadinj' on the machines was not nearly as axial as was 
desli»ed. After cei’taln ncdl float ions the axial ity of tho 
loading was well i/tthin the requirements of 3,9. 1637. 

Since tho oxt« is r.ovint<?d on the tlireaded ;ortion 
of tlio test lace ( "Igiii'e 9), it measures more than tho 
oioncatlon of the oarallol length of four inches. To check 
this the oxtensoneter readings wore con..ared with readings 
taken on a Jouncficld extensencter attached to the parallel 
. oi’tion. Tho elastic gauge length of oxtensoneter and test 
. leoe was found to bo Ip. 15 Inclios. 




.f i«y , 
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1,10 Modlflcatlona. 

1.101 Gonoral Conaidorotlona. 

In tlio course of i rolininary tooting certain nodlficatlons 
to tho nachlnoo, as doolgnod by IJ.G.T.E. woro fo^and to bo 
nocoosary to adapt them for tho tooting of S.G.C.I. at atroasoo 
that would produce failure In tho short periods that were 
deoirod. Those nodlflcatlons woro occasioned by a combination 
of tvjo factors, tho srood of tho toots and tho exceptional 
elongation of tho raatorial before it falls-. 

Tho a ood of tho tost conprooses all of tho phonoraona 
that occur in a creep teat Into a much shorter time. It Is 
practically iinposaiblo to prevent the machine unloading 
Itself, ospoclally in those tosts that last twenty to fifty 
{.oura. In cho shorter tosts It Is , osslble to bo In 
attondanco throughout and make the necessary adjustrents. 

In tho longer tosts the need for adjustment Is not so frequent 
and can be met quite easily. 

j.he elongation of G.G.C.I., under the teat conditions, 
la of the order of twenty- five ©rcent at fracture. In a 
four inch gauge length this amounts to an extension of one 
inch. ifl/hen this Is m\iltl^lied by tlie ton to ono beara ratio, 
it results In a travel by the weights of ton inches. This 
is obviously not iractlcal. 

To overcoiao tho above deficiencies the following 
nodlflcatlons were made. 



1.102 Lever Support Yoke. 

As originally dosiguod the lover support yoko providoc 
Q noans of supporting the lovor prior to loading and of 
catcliing tho levor when tho s^.ocinen fractured. IJhfortunatoly 
sinco tho travel of the been allowed by tho o^-oning in the 
yoko vjas snail, about ono inch, tho yoko would catch tho bean 
during tho tost and roisovo tho load. 

To ovorcono this difficulty, first of all, the thread on 
tho Gten of the yoko was lengthened. w’hllo this did not 
..rovo to be conplotely satisfactory, it did inprovo the 
situation. 

The pin at tho bottom of tho yoke vjas originally fixed. 

This pin was then nado roiaovablo, which makes tho machine 
satisfactory for thoso toots. Kouovor, thoro is some 
objoction to this since, when the test piece fails, i.ho 
v/eights dro to the base of tho machine. This causes a 
considerable in act loading on tho machine and s^irrounding 
floor. 

It is folt that a more satisfactory casthod v^ould bo to 
have an automatic strain talco-up syston. Such a further 
modification is roconuondod in Section 1.112. 

1.103 Loading System, 

The original design of tho loading syatora celled for 
close tolerances, both between mating parts of tho \mlversal 
joints and on tho threaded portions of the straining rods. 



Thoce cloDo tolcrancoo produced q very dofinlto otlffnooa 
in the ayaten chat taado it very dlfficxilt, if not In osalblo 
to load tho teat piece eoclclly, Tho tolorancoa wore increased 
to give an oaay fit o:~i all parts. 

As an additional, but equally Inportant, change to oecuro 
axiallty the radluo of the spherical seats on tho straining 
rod nuts and collars, vjas reduced fren 1.1/ii'' to 1.1/8". 

This incroaooo tho lateral force tending to centre tho teat 
piece. 

It is felt that those nodifications, in conjunction with 
proper packing of tho asbestos in the fumaco tubo (section 2.1), 
ensure tho axiality of leading, within the roqulroncnts of 
D. 5. 1637. 

1.1 oU Ptirnaco. 

x'ae TJ.G.T.K, rarnaco winding was originally designed 
for the temperature range of 700^‘’C. to 900^0. In following 
the policy of adhering to the original design, one furnace 
was constructed to this design, uowevor, it proved to be 
vary unsatisfactory at It was ossible to maintain 

the teriperature within tho requested limits, although several 
systena of connecting *.t to the mains wore tried. Also, 
vifith tho use of Varlacs it v/as very difficult to secure 
adoquato current to keep tho furnace at hSO^O, Therefore, 
another winding was designed. 

This redesigned -winding v;as narle of rightray *'C" 1-3 swg 



Instoad of 19 swg. This decreased the roolotanco by about 
thus allov^ing tnoro current to be assod. 

The design of the now winding v/as based on the as-'icr^ption 
that a raajor poi’tlon of the heat that raised the tscipor-iture 
of the test piece flowed from the 'Jtralnlng rods. These 
rods are, of necessity, much longer than the s eclnen and 
they require nost of the energy used by the furnace. 
Consequently, a tv;o coil furnace vms constructed. The 
winding 3. aclngs are shown in fig ire 13. It will bo noted 
that the botton winding is longer and has noro turns than 
the to , This is to offset any convection currents within 
the central furnace tube. 

This winding has shown Itself ca able of being 
controlled and of attaining the proper temperature. 

1.105 Extonsoneter. 

The oxtensomoter is a simple mechanically rugged tyoo 
that is well suited to the degree of accuracy desired in 
this programme. It had two major fatal ts however. The 
range of the instmament was seriously limited oiad the dial 
gauges had a tendency to stick. 

The original gauges had a travel of l/li”. Those wore 
ro,;laced by gauges having a 1/2'* travel, which is the 
largest commercially available. Even with this length of 
travel, the gauges had to be moved daring the test. This 
is never a satisfactory method. Pecommendations (section 



i.lll) are nado that v/ill renove tills stop in tho toot 
pro CO dure , 

Tho rod le^o of tho oxtoncoweter extendou beyond tho 
tubeo only 1/C” in tho oricinal design. To handle the 
nevj gaugos and the elongation of tho test piece, the tubes 
were shortenod so that tho I’ods extend one inch. 

•\ftei' t:io gauges had been in operation for several 
hours they began oticking. This was caused by tvra 
factors, the lubricant bocoralng gxKmy and tho viso of tho 
gauge in an invertod position. 

Tho lubrication j roblcn was easily solved by cleaning 
frequently and ra~olling with a very light mchino oil, 

The fact that the gauge v;as used in an inverted •. ositlon 
nsant that instead of the weight of the spindle acting in 
tho so-'no direction an tho return snring, it o. posed it. 
to ovorcona tho sticking, return a. ring was replaced 
with one about treble tho n.rlng constant, 

Tho gauges in this condition are free from any tendoncy 
to stick if thoy are keot clean and frequently lubricated. 
1.106 Resistance Therinomoter, 

T.ie rosiotanco thomonoter su? lied -with the Sunvic 
hT 1 controllers, and called for in tho s- ociflcations of 
the nachlno, consists of a non- Inductively wound double 
noiical coil in n slender fused silica tube. This arrange- 
ment is nechonically vox»y fragile. 



wfhen, at the beginning of the construction stage of 
the furnaces, one of these thermometers was found to be 
damaged, it w^s decided to raanxxfacture a thermometer with 
a more rugged type of construction. 

The type of construction used resembled a mat. The 
platintam wire is passed through a series of fire clay 
insulators. This winding is shown diagramatically in 
figure li 4 _. The winding is non-inductive so that changes 
in the furnace current will not affect the measurement of 
the resistance of the platinum. This thermometer has 
proved completely satisfactory, 

1.107 Recording System. 

The recording system (reference 3) used batteries to 
power the timers and cameras. This has the disadvantages 
of all battery powered systems. To overcome these, a 
rectifier was used to power these components. While the 
rectifier may not be any more efficle nt than the battery, 
it removes some of the causes for delay in the test 
programme and appreciably raised the morale of the author 
by eliminating these annoyances. 



1.11 Reconnondations, 

1.111 Tost rlece. 

As I roviously mentioned, most of the dlff’lculties 
associated with using these nachlnos for S.G.C.I, emanate 
from the largo amount of elongation of the test specimen. 

Since elongation is the f roduct of unit elongation and 
gauge length, the obvious recommendation is to reduce the 
gauge length. It is recommended that the gaugo length 
should bo changed to tvjo Inches. 

Although this nev/ gaugo length reduces the sensitivity 
of the extonsometer to 0,00005 inches per inch this is still 
accurate enough for the class of testing t roposod 

1.112 Strain Talce up Kechanism. 

To overcome the need for constant attendance at the 
machine, it Is recommended that a suitable automatic strain 
take-up mechanism bo fitted to these inachinos. 

i.ho general arrangonont of a pro osod system is sho;«i 
in figure 17. It consists, essentially, of tv/o worm and 
whool a oed reducers, giving an over all gear ratio of 
900:1, This high gear ratio was chosen to allow the use 
of a small electric motor to drive the straining rod extension. 
At full load it requires about twenty foot- ounds of torque 
to turn the hand wheel now fitted to the machines. With 
this gear ratio a one-fifth horse ower motor will be adequate. 

Since the worn and wheel on the straining rod extension 



Is moving slowly it is felt that the lubrication will pose 
no problem, Hov;ever, if the one attached to the motor 
gives rise to lubrication problems, it can easily be enclosed 
in a case to provide for more through protection. 

The take up of strain will be controlled by limit 
switches actuated by the position of the main loading lever. 

1.113 Recording camera. 

Although the photographic recording of test data was on 
the whole usable, it did on many occasions leave much to 
be desired. It is felt that the rep-lac'^ment of the present 
cameras by one designed for recording data would be 
advantageous. 

1.114 Temperature Controller 

Temperature conti*ol in these tests was 2°C, This is 
not accurate enough to make the creep data reproducable. 

Gillet and Cross (reference 4) have published data that 
shows that a variation of temperature at 371°G, can 

cause a creep life of 10 years to be read as 4s 23 years, 
depending on the direction of the error. Lomas, Jepson 
and Fait (reference 6) have published results of investigations 
with proportional controllers that have given remarkable 
accuracy of temperature control (less than O.l'^O. at 900 °C). 

It is recommended that the use of this type of controller 
be investigated, if it is desired to increase the reproducability 



of the results. 



Fart 2 



Creep Teat Froceduro. 



CREEP TEST PROGEDUHH 



2.1 Assembly. 

The first step in assonbling the test specimen is to 
coat the spherical collar vjith graphite in the form of a 
colloidal dispersion. The graphite is applied to all the 
mating surfaces and threads of this assembly. This coating 
of graphite aids in loading the test specimen axially by 
lubricating the spherical seat. In addition it helps prevent 
the parts of the asrembly from adhering to each other, thus 
facilitating disassembly at the end of each test. The 
collar is then placed in the spherical nut and the end of 
test piece threaded into the collar. After both collars 
have been assembled on the test piece the straining rods are 
inserted into the nuts. 

v/lth the straining rods, nuts and collar assembled, the 
thermocouples are attached. Those thermocouples are 
affixed to the test oiece by a single turn of nickel wire. 

They are then covered with asbestos string to prevent the 
develooed E.k.F. from being affected by direct radiation 
from the furnace walls. 

The rod portion of the extensomoter is then assembled 
on the upper end of the test piece. The extensomoter 
clamps on the threaded portion of the test specimen. It 
sho’ald be kept as close to the end of this thread as possible. 
The tube portion of the extensoraeter is then assembled on 
the lower end of the test piece. A check shoiild be made 



to ensure that there is approximately one inch of the rod 
extending beyond the tube end. Failure to have this 
length will cause the spindle of the dial gauge to foul 
on the end of the tube. Before f’olly securing the extenso- 
moter the alignment between the axis of the test piece and 
the extensometer legs shoxild be checked. 

The gauges are then attached to the tube legs of the 
extensometer by means of small chucks (figure 9) . 

The completed assembly is shown in figure 12. 

The assembly is then inserted in the machine. A slight 
load is then applied to the test piece. The furnace openings 
are then packed loosely with asbestos wool. The procedure 
is necessary, because if the specimen is unloaded when the 
openings are packed or the openings packed too tightly the 
furnace applies a sidewise force on the assembled test piece. 
This makes it practically Impossible to load the specimen 
axially. 

With the ends packed with asbestos, the thermocouples 
are attached and the furnace and controller switched on. 

2.2 Heating and Soaking. 

Reference (1) requires that the test piece be brought 
up to temperature in four to six hours. The settings of 
the Variac, rheostats and controllers when set for It^O^C. 
will cause the specimen to attain the test temperature in 
the required interval. 



After attaining the toot toraperaturG, tho oi^eciinon 
ohould bo held at tho t©ot tenrerat-uro for tj/onty to 
twenty- four hours. This io to onauro unifomity of 

teraperaturo over tho test piece, 

2,3 Loading. 

After tfcKJ tost piece has boon ''soalrod” for tho required 
length of tir.io, it is ready for loading, A snail initial 
load io apiliod by lowering tho lover au-rort yoke. This 
load should , roduco a deflection of a ro3ciaately ten divisions 
(0,001”) on tho dial ga\iges, Tho gauges slwuld bo checked 
boforo and after the load is applied. If the extensions 
slKJiOT on both ga'ogos are within ti;o divisions (0.0002”) a 
fui»ther load is applied to produce another ten divisions of 
deflection. If this second load produces th© sorae 
elongation tho s ocinon is a3s\icxod to bo axially loaded. 

If tho first load docs not i»oduco deflections v/ithin 
tho tvro divisions prescribed, the load is reraoved and the 
lateral position of tho straining i*ods is adjusted and tho 
load roai:-liod and checked, 

-•/hon it has boon detomlnod that tho tost speclRen i*a 
axially loaded, the lever sup. ort yoke is lowered until the 
test s eoijQon has teJron tho entire load. Slimltaneously 
tho hour aoter and the recording syston arc turned on. 




1 




2,1}. Automatic Recording, 

Tho ..rocoduro rcconsrondod for recording tho elongation 
end tho tino la to photograph the loading continuously. 

From this rocorfl it is possible to doton-ilne the Initial 
eztonolon of the teat ploco. After the load has been 
Q.-.lled tho tinor is set for short intervals while the test 
, iecc is in tho primary stage of creep, .i/hon tho rate of 
extension becomes smaller tho interval is increased. In 
the longer tests (^0 to 300 hours) the four hour clock is 
used and in tho medium length tests (10 to 50 hours) tho 
flftocn minute clock was found to be tho most satisfactory, 

During the teat, visual readings wore taken to ensuro 
the maintenance of temporat'viro, tho axiallty of loading and 
to serve as a con; aria on with the i hotograohic rocord. 
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SiHEROIDAL GRA-HITE CAST IRON 



3.1 Gonoral, 

In 19i}.7» the ..reduction in our fo\indrle3 of 3!,h©roldal 
grathlte cast iron \> q (^ bxi . This added to the available 
list a nov/ rang© of natorlals which conblne the advantages 
of cast iron with nuch of tho strength and toughness of 
steel. 

For a very long tine, grey cast iron has been ono of 
tho inportant engineering materials. It is easily cast 
into intricate shapes. It is rigid. It has a useful 
resistance to corrosion. However, it is woalj and brlttio. 

Tho micros true tui*o of groy cast iron readily shows the 
causes for this weakness and brittleness . It has a matrix 
of ferrite or ferrite and pearllt© ixith the gra* iiito in 
flaltes. Those flf^es are devoid of any strength. In 
addition, vhoy act as sharp edge cracks, that arc serious 
stress raisers. 

If the carbon is burned out prior to Casting, thus 
converting tho cast iron to a steel, tho effects of tho 
flakes vxill bo removed. Tills, liowovor, is at the ox onne 
of good casting characteristics, cbea:ness and other 
desirable features. , 

iho ideal cast iron would maintain the 3 to 3^^ carbon, 
for good casting pro ortles, but would have tho gra hito 
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in siaall a; horoa, thus minimising any stress raising 
tondoncy. 

An a ^.roGCh to this was made in the developmont of 
malloablo cast iron. By moans of a very long, and 
consequently costly, hoat troatnent cycle, tha gra, hi to 
comes out as a nodulo. Sometimes tbcso nodules are Sihorcs 
and somotimos they are groups of small fla!:es. Some 
effects of the graphite flaJtes are romovod and malleable 
iron is stronger and very much noro ductile than grey cast 
iron. However it is very costly. Further, the technique 
is limited to those snail sections that can be chilled to 
produce a white cast iron. 

In til© late forties. It was found that the addition 
of a sriOll amount of ceriurii to cast iron would cause the 
graphite to come out of solution os spheres. Later, in 
19UC, It vjas found that inagnoslum had the etuno result. 

This new material has boon called nodular iron, ductile 
iron, nodular gra hito cast iron, ductile cast iron, or 
spheroidal gra, hite cast iron. The latcrr Is the most 
tcclsnlcally acc\irate nano and is coning into general use. 

In general, 3.G.C.I. is used in two foi*ns, claasiflod 
according to the structure of the matrix, Sections of 
*5 to 2 inchos will normally give a poarlitlc matrix. 

Sections less than inch or aootlons that aro quickly 
cooled tend to give white iron structure, with most of the 
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carbon conbined. This produces a very hard v;hlte cast 
Iron* 

Both tho poarlltlc and white S*G,C*I, con b© annealed 
at 900^0. for several hours, and then slowly cooled. 

This produces a ferritic matrix (fic-ro 1^). Tho tensile 
strength is reduced but the elongation is increased 
remarkably. 

In sections larger than 2 Inches the matrix will be a 
mixtiire of tho pearlitic and ferritic types (fig’.ir© 16). 

A sur.!mary of the typical mochonical rropertioo at room 
temperature is given in table II. Tho corresponding 
properties of high-duty flalce graphite cast iron arc 
Included for con; arison. 

Hamifacture of S.G.C.I, for Devolo:r!ent Frogrenroo 

This iron vias made in an oil fired tilting crucible 
furnace. The charge was as follows; 

59 kg of vramer S. f.H. refined iron 

21 kg of Swedish vjhito iron. 

This charge v;gs molted dovm uiider charcoal and 
superheated to 11}.50®C. Tho melt vms then skiraied and 
one kilogram (1.25?^) of a l^f nagnosiun nickel al.loy added 
to tho niirfaco. The iron was v;oil stirred f.nd inoculated 
v;lth 0,5^ silicon added as 625 grar!:’:os of forr-osilicon 
containing 80^ silicon. Tho melt v;as 'well stirrod again 



and skimined before casting into nine green sand clover-leaf 
moulds. These wore marked ZWD 1 to ZWD 9 in the order of 
pouring. 

All of the bars were annealed for two hours at 900*^0 
and then transferred to a furnace at 700°C and held at this 
temperature for 24 hours before air cooling. The longer 
than usual soaking period at 700 °G was adopted to ensure a 
f\illy ferritic matrix structure. (Figure 15) 

3.3 Micro Structure. 

Microscopic examination showed that 95^ of* the graphite 
of the bars was in the spheroidal form, the balance being 
compacted graphite with very small amounts of compacted 
flake graphite. The matrix structures consisted of ferrite 
with uj) to residual spheroidized pearlite. 

3.4 Chemical Analysis. 

An analysis of the first and last bars cast is given 



below. 

Mark 


G 


Si 


En 


s 


F 


ITi 


Mg 


ZWD 1 


3.4^ 


2.1^ 


0.2% 


.005^ 


o 

on 

o 

• 


1,15,^ 


. 062% 


ZWD 9 


3.3^ 


2.1^ 


0 . 2% 


.009$^ 


.025/^ 


1.15?^ 


.056% 


The balance 


is , of 


course 


, iron. 









3.5 Mechanical rroperties. 

The results of duplicate tensile and impact tests on 







n 



samples 


from Z«fD 


1 and Z\iD 


9 are as 


follows : 




Mark 


Yiold 


U.T.S. 


Elong.on 


L.of iL;., 


Impact 




(t.s.i) 


(t.s.i) 


2" {%) 


{)-.) 


ft. lb. 


ZrfD 1 


22.6 


29.0 


21,5 


22.3 


92 




23.2 


29.3 


20,5 


25.6 


103 


ZWD 9 


21. i- 


28.3 


22,5 


2ii.3 


90 


tf 


20.5 


28.8 


22.5 


27.5 


92 



Tho tenallo tests wore carried out on tost bars in 
diopotor and tho Irapact tests on unnotchod bars 0.1^50'' in 
diaiaoter. 



3.6 Croop testing prograiano 

In all, none tuenty-ono tests wore carried out in the 
dovoloj.nont of thoso machines. A record of tho tosts and 
the results are given in the apr ondlx 1. A sur-anary of 
available data at elevated temperature is given in appendix 2. 

The data included should be subject to confirmation due 
to the limited amount of testing and the difficulties of 
testing during a dovelotrcnt rrogramne. 

In creep testing, there is a wide variation, from tost 
to tost, under su' osedly the same conditions. There are 
actually several so far uncontrolled virlables. 

The loading is su, osod to bo, to ■uot=' tho specification, 

" as axial as is ; os-- ible", but there are botind to be variances 
from one test to another. This difference in eccentricity 
of loading will produce stresses different fram that calculated 
from area and load and therefore different creep data. 

Tho effect of variation of ton. eraturo has already been 
discussed (section l.llU). 

Variation in material from one test to tho other may 
load to scatter in the results. This Is particularly true 
with the heterogeneous structure .resent in S.G.C.I. 

Consequent to tho above discussion it will be necessary 
to improve the control of those variabloa to eliminate their 
effect, or to base tho tost on a broad statistical basis to 
evaluate the effect of these random variations. 
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3.7 Kechanlsn of Falluro. 

Tho fractured 3i ocinens uere oxaninod visually Uf on 
removal fpon the raachlnoo at tho ond of a test. In all 
casos a definite roughness (figures 1" and 21) was noted 
about tho fracture aroa. At first thought, this was laid 
to a scaling phenonona, but, when tost liecos renalnod in 
tho fumaco for the limiting time of the tests (300 hours) 
without any visible signs of this roughness, it was decided 
to exonino tho f’aotures more carefully. 

A nacroDCo Ic examination revealed that this rouglmoss 
was duo to snail cracks on the surface surrounding tho 
failures. On several occasions a well develo od crack v/as 
found well removed fiKJn the fracture. On one occasion 
when an unbrolren test • iocc v;as removed from tho furnace 
at 300 l:iours It v/as found to have cracks visible to tho 
naked oye (figures 20 and 21). 

A microscopic examination of tho fractured surface 
(figure 22) ohov;s on additional crack about a l/l6" from 
tho ^racturc. This f ig tre and figure 23 shov; that the 
failure is intergranular and proceeds from one spheroid of 
gra, hite to another. 

Since tho fracture of the tost . iece dovolo s f rora a 
crack that originates in ono of the stross-raising graphite 
spheres on tho sui^faco (figure 20) sono surface treatment 
that would remove the gra: hlto on the s urfaco shovild improve 
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the over all creep strength. This would leave a surface 
with the strength of the nutrix which should bo about 

t.3.1. 

Orowan (reference 7) has pro oaod that the terciaa^y 
stage In creep la not, in reality, a change in the creep 
rate, but a change in the level of stress due to stress 
raisers. The oxanination of the fractures and cracks in 
S.G.C.I, is seen to su^.'^ ort this. 



Part i{. 



Conclusions 
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Conclusions 



il.l 

Tho nachinas, as modified, are oai able of creep 
testing S.G.C.I, Certain further modifications have 
boon x’QComnonded to irai rovo tho testing procedure, 

I). 2 

Spheroidal graphite cast iron can oup. ort 10 t.s.i, 
for 300 hours without failuro at 
h.3 

Failure is intergranular and i rocooda from one sphoi*oid 
of graphite to another. 
ii.il 

Sono form of surface troatnont to remove the gra: hi to 
near tlie surface should irjprove the creep strength of 
Oi-horoidal graphite coat ii*on. 
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Tabio i 



Calibration of ^elglits. 



Weight 


Force on 


Stress on 


Iltanbor 


Teat i^ioce 


0.1 aq.ln 


3©mn and 


(lb) 


(t.s.i. ) 


Weight pan 


119 


o.i{Ji6 


1 


00.0 


0.2U8 


2 


00. 0 


0.2!>6 


3 


00.0 


0.21*8 


k 


00.0 


0,dkQ 


5 


1C|;.0 


0.467 


6 


lOi;.0 


0.U67 


7 


206.0 


0.923 


8 


200. 0 


0.917 


9 


20? 


0.925 


10 


206 


0. 920 


11 


200.0 


0.917 


12 


200. 0 


0.917 


13 


200. 0 


0.917 


Ik 


206 


0,920 


10 


206 


0.920 


16 


206 


0.920 


17 


207 


C.920 


16 


201; 


0.911 


19 


200 


0.916 


20 


2 OI 4..0 


0.911; 



1 
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t 



Tablo I contln’ood, . , 



ttolght 

1,'unber 


Force on 
Teat iioco 
(lb) 


'^ti’oss on 
w.l fiq.in 
(t. s.i, ) 


21 


205 


0.916 


22 


205 


0.916 


23 


205 


0.916 


2U 


205 


0.916 


25 


205.5 


0. 917 


26 


206.5 


0.922 


27 


206 


C.920 


29 


205. 5 


0.917 



Ilodo: *hoi’o is no ueigtil numbered 28 



Table II 



SuniEiary of Fechanical Fi*oportlcn 
of High Duty Cast Iron and 
Spheroidal Gra,* hi to Cast Iron. 



Property 


''i~duty 

Iron 


S.G, 

!*is cast 


C.T. 

Annoaled 


U.T.S. (t.e.l.) 


18*22 




iV^35 


Yield (t.s.l.) 


- 




2Cv25 


Elongation i%) 


ITil 


1^5 


10*25 


Coriprecslvo strength 
(t.s.i. ) 




65^60 


(j0*56 


Con: rssaivo Yield strength 
(t.s.l, ) 






a) '^32 


Elastic Kodu’ua 
(millions of p.s.i.) 


18 


25 


2<^ 
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Figure 1 

Creep Tooting Itaohlneo 
Fixjnt view 
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Figure 2 

Creep Testing Machines, 
Showing loading system 
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Figure 3 
Control Panel 




Figure 4 



Temperature Measuring Station, 
showing thermocouple board, top, 
potentiometer, left, and recorder, right 
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Figure 11 

Temperature Recorder Chart 
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Figure 12 

Assembled Teat Piece 
and Straining Rods 
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(a) X So Etched in 2% Nitric acid in alcohol 




(b) X 150 Etched in 2^ Nitric acid in alcohol 

Figure IS 

Fully annealed spheroidal cast iron 
showing ferritic natrix. 
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Figure iO* 
Typical Fracturoa. 




Figure 19. 
Fracture Surface. 





Figure 20. 

Cracked epeclraen. Cracks near contra and at lower left. 




Figure 21. 

Crack at centre of figure 20 magnified (x ) showing 



rough area surrounding crack. 




Figure 22. 



Fractured apecinen showing the fracture on the 
left and a secondary crack forming on the right. 




Figure 23. 



Area adjacent to the crack in the specimen of 
Figure 20. The crack proceeds from s. hero id 
to spheroid along grain boundaries. 
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STRESS - TIKE DATA 
SlrHEROIDAL SKarHITE CAST IRON 
at ij^OOC 



TEST 


STRESS 

t # s * 1 « 


TlT 

O.lfo 


FOR 

0.2^ 


CREE STRAIN 

0.5^ i . of . 


Fracture 


1 


5.36 


15.0 


170 


- 


- 


- 


2 


6.88 


1.0 


22 


137 


- 


- 


12 


15.11-0 


nil 


nil 


.033 


0.15 


4.9 


17 


16.11.7 


nil 


nil 


nil 


.008 


1.5 


18 


15.1;7 


nil 


nil 


nil 


.03 


2.8 


19 


10.67 


nil 


1.0 


5.0 


15 


300.0 
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CREEt CURVES 
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TEST NO.l 



Stress: 5.36 t.s.i, 
Dianeter: <^.356 in. 



Time 


strain 


Time 


Strain 


(hrs) 


(in/in) 


(hrs) 


(in/in) 


0 


0.0006 


160. 


0.00202 


1.3 


.0007 


188.4 


.00208 


2.6 


. COO75 


196.75 


.^021 


5.2 


.0008 


212.3 


.00215 


20.3 


.0011 


219.9 


.00217 


28.8 


.00125 


285.8 


.00237 


I4I1..I 


.'^Oll; 


308.14 


.00245 


7L.0 


.0015 






116.3 


.0017 






li|0.3 


.0019 






U5.3 


.00195 






164.3 


,0020 
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I 



s 





Q002 




T ‘^T ?:c.a 

Sli’ 033! 6,B3 t.s.i, 

Dianeter; 0,307 in. 



TliJio 


Strain 


Tin© 


Strain 


(hrs) 


(In/ln) 


(hrs) 


( in/in) 


0 


, 0 ^ 08 U 


121.3 


,0Ol;65 


1.0 


.OOlOl; 


132.3 


,0^U96 


2,8 


.00118 


137.8 


.001 99 


16,7 


.o'^i^e 


111! .7 


.00519 


23,3 


. 0-^211 


159.0 


.00502 


21 ;. 0 


,0n^l9 






U0.3 


. ' 026 U 






li7.8 


.^^0286 






69.6 








112.2 


. 0 -^ 1 . i |2 
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TEST NO. 


12 




Stress ! 


15.40 t.s.i. 






Diameter 


0.3568 in. 






Time 


Strain 


Time 


strain 


(min) 


(in/in) 


(min) 


(in/in) 


0 


.0026 


55 


.0296 


1 


.0046 


60 


.0321 


2 


. 0'^55 


65 


.0349 


3 


.0063 


70 


.0378 


h 


.0071 


75 


.0408 


5 


.0078 


80 


,0439 


6 


.no84 


85 


.0473 


8 


.0096 


90 


.0510 


9 


.0101 


95 


.0549 


10 


.0106 


100 


.0587 


12 


.0117 


105 


.0626 


14 


.0126 


110 


.0669 


16 


.0135 


115 


.0709 


19 


.0149 


122 


.0765 


20 


.0152 


125 


.0790 


25 


.0171 


132 


.0850 


30 


.0190 


135 


.0870 


35 


.0209 


140 


.0929 


40 


.0229 


146 


.0986 


45 


.0251 


150 


.1046 


50 


.0276 


155 


.1071 
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Test No, 12 (con’t) 



Time 

(rain) 


Strain 

(in/in) 


Tirae 

(min) 


Strain 

(in/ln) 


159 


.IO8I4. 


210 


.1552 


161 


.1095 


215 


.1601 


166 


.111^0 


220 


.1652 


170 


.1176 


225 


.1703 


175 


.1223 


230 


.1755 


180 


. 1251 ^ 


235 


.1810 


185 


.1316 


2I4.O 


.1871 


191 


.1375 


245 


.1933 


195 


. 1 U 09 


250 


.1996 


200 


.ihBl 


292 


Fracture 


205 


. 1501 ; 







78 



TEST NO, 17 



Stress: l6.Ij-7 t.s.l. 
Diameter 0,3^65 in. 



Tine 

(min) 


Strain 

(in/ln) 


Time 
(m n) 


Strain 

(in/ln) 


0.0 


.006U 


33 


.0554 


0.5 


.0095 


36 


.0599 


1 


.0112 


39 


.0643 


1.5 


.01214- 


43 


.0706 


2 


.0137 


45 


.0738 


2.5 


.01U7 


47 


.0771 


3 


.0157 


49 


.0805 


k 


.01714- 


50 


.0822 


6 


.0203 


53 


.0878 


7 


.0217 


57 


.0951 


10 


.0256 


60 


.1013 


12 


.0279 


62 


.1057 


li; 


.0302 


64 


.1076 


16 


.0322 


65 


.1124 


18 


.0345 


66 


.1148 


20 


.0374 


66.5 


.1156 


22 


.0401 


67 


.1169 


25 


.0442 


68 


.1194 


28 


.0483 


69 


.1219 


30 


.0511 


70 


.1245 
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Test No. 17 (con’t) 



Tine 

(min) 


Strain 

(in/in) 


Tine 

(nin) 


Strain 

(in/in) 


71 


.1271 


84 


.1706 


72 


.1298 


85 


.1752 


73 


.1326 


86 


.1799 


71 ; 


.1353 


87 


.1848 


75 


.1382 


88 


.1901 


76 


.II4.I2 


89 


.1953 


77 


.il+ltl; 


90 


.2013 


78 


. 114-77 


91 


.2078 


79 


.1512 


92 


.2148 


80 


. 151;7 


93 


.2227 


81.5 


.1604 


94 


.2314 


82 


.1624 


95 


.2414 


83 


,1640 


96 


Fracture 



80 
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TEST NO. 18 

Stress: t.s.l. 

Diameter: 0,3558 



Time 


strain 


Time 


strain 


(min) 


(in/in) 


(min) 


(in/in) 


0 


.0009 


120 


.0752 


20 


.0125 


125 


.0812 


55 


.0282 


130 


, 0866 


60 


.0322 


135 


.0932 


65 


.0349 


140 


.1057 


70 


.0373 


145 


.1207 


80 


.0423 


150 


.1359 


85 


.01^55 


155 


.1532 


90 


.0495 


160 


.1735 


95 


.0538 


165 


.2017 


100 


.0592 






10 $ 


.0602 






110 


.0636 






115 


.0692 
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TEST NO. 19 

Stress: 10,6? t.s.i. 

Diameter: .3562 in. 



Time 

(hrs) 


Strain 
( in/in ) 


Time 
( hrs ) 


Strain 

(in/in) 


0.0 


.0013 


216.7 


.1141 


1.2 


.0029 


230.9 


.1437 


17.3 


.0107 


262.5 


.1783 


24.5 


.0133 


281.3 


.1923 


25.9 


.0138 


286.9 


.2045 


41.1 


.0193 






49.0 


.0222 






77.5 


.0331 






94.7 


.0402 






113.3 


.0489 






122.3 


.0537 






146.1 


,0664 






148.2 


.0675 






161.3 


.0752 






169.6 


.0803 






13^.3 


.0912 






209.6 


.1089 
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Appendix 2 



Sunraary of Inblishod High Tenperature 
tropertios of Spheroidal Graphite 



Cast Iron 



Appendix 2. 

Sxiranary of Published High- Temperature Properties 
and Creep Data on S. G. Cast Iron 



(a) Short-Time Tensile Tests 



Condition 


Temperature 


Elongation 


U.T.S. 


Source 




°C. 


t.s.i. 


of data 


Fearlitic 


R.T. 


3.0 


33.5 


1 


(as cast) 


1^27 


3.0 


32.5 






482 


1.0 


22.8 






538 


3.0 


18 






593 


6.5 


12.8 






650 


11.0 


7.8 






k21 


1.0 


37.3 


2 




538 


3.0 


27.2 






650 


16.0 


11.5 




Pearlitic- 


R.T. 


2.5 


35.7 


1 


ferritic 


427 


4.5 


32.8 




(partially 


482 


3.0 


21.5 




annealed) 


538 


3.5 


18.3 






593 


6.0 


12.2 






650 


11.0 


6.7 




Ferritic 


427 


4.0 


19.8 


2 


(annealed) 


538 


8.0 


11.2 






6§0 


11.0 


4.8 




Austenitic 


427 


23.0 


23.3 


2 




538 


19.0 


18.8 






650 


10.0 


12.5 





(b) Stress-Rupture Tests 



Condition Temperature 


Elongation 

% 


Time 


Ultimate 


Source 




°c. 


Hours 


Load 

t.s.i. 


of dat 




Pearlitic 


k27 




100 


24 


2 


(as cast) 


538 




100 


8.5 






63'0 




100 , 


1.7 






630 


11 


S.T.T' 


7.8 


1 




630 


26 


2.8 


4.7 






630 


12 


7.0 


4.4 






630 


13.5 


i4-6 


2.7 






630 


5.7 


38 


2.2 






630 


18 


110 


1.83 






630 


:.o 


630 


1.35 




Pearlitic- 


630 


11 


S.T.T 


6. 63 


1 


ferritic 


630 


29.5 


5.2 


3.8 




(partially 


630 


13 


13.7 


2.7 




annealed) 


63o 


17.5 


22.6 


2,0 






630 


19.0 


234. [{. 


1.35 






630 


13.0 


4o4 . 8 


1.2 






630 


15.0 


1272.0 


1.07 




Ferritic 


1^7 




100 


13.3 


2 


(annealed) 


338 




lOO 


4.5 






630 




100 


1.5 




Austenitic 


1427 




100 


18 


2 




538 




100 


11.5 






630 




100 


4.9 





Short-Time Tensile. 



(c) 



CreeTj Tests 



Condition 


Temperature 


Elongation 


Time 


Lo ad 


Source 




^C. • 


% 


Hours 


t. s. 1. 


of 












data 


rearlitic 


450 


0.1 


1,000 


3.B 


3 


(as cast) 


427 


1.0 


10,000 


9.8 


2 




538 


1.0 


10,000 


1.3 






650 


1.0 


10,000 


0.18 




Ferritic 


ii5o 


0.1 


1,000 


3.2 


3 


(annealed) 


427 


1.0 


10,000 


7.1 


2 




538 


1.0 


10,000 


1.8 






650 


1.0 


10,000 


0.27 




Austenitic 


427 


x.O 


10,000 


8.9 


2 




538 


1.0 


10,000 


5 . 8 






650 


1.0 


10,000 


2.5 




Sources of 


the above infornation 








1. Saunders, M. S. 


and Sinnott, 


M. J. 







“Soiae i-roj[. erties of a Nodular Iron at Elevated 
Temperatures", Trans. Amer. Soc. for Ketals 
1953, vol. 4 . 5 , yp. 362 - 376 . 

2, American Brake Shoe Co. "Buct alloy", 
lublication Issued In 1953. 

3. Stauffer, W. 

"Some Applications of heroidal-Graphite Cast 
Iron" . 

5th International Mechanical Engineering Congre 
'ilirln, 1953 . 
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